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INTRODUCTION 


since the discovery of stripe rust in the United States, in 1913, a 
,v<ieraatio study of the disease has been conducted by the Ofi'icc of 
X-real Investigations of the Bureau of Plant Industry,' United States 
iicpartineut of Agriculture, in cooperation with the Oregon Agricultural 
iixoerinient Station, and, later, with the Idaho Agricultural Kxperiincnt 
'tiiiioii. This paper is the third of a series of contributions to our 
.ri'jwledge of stripe rust in the United States. Koriiier papers (a, la) ' 
;avc dealt with the economic importance and geographical distrilnition 
;■ the disease and with the life history, taxonomy, and morphology of 
;;e causative organism. This paper will deal with the known hosts 
; the rust, onr present knowledge of its specialized varieties, and wilh 
r.e comparative susceptibility of certain wheat varieties to I'uccima 
-.mar am iriiici Erikss, & Hcnn., as indicated by field and greenhouse 
ixperiments. 

HOSTS 


liriksson (4), in his original report upon Puccima glumattm, when it 
VLis separated from the now obsolete Piiccinia rubigo-vcra (DC.) Winl., 
nnied wheat, barley, rye, Elymus arenanus, and Agropyron rePens as 
;..>stsfor the new form. Saccardo {16, p. ^80) lists the following hosts; 
■’rdchypodhm silvaticum, Bromus mollis, Calamogrosiis epigcios, Uor- 
■ nm v.ulgaro, Secale cereale, Triticnm caninum, T. com-paclum, T. difocciim, 

. desertoram, T, dislichon, T. durum, T. giganleum, T. polomcum, 
" repens. Hecke (7) reports the unpublished work of K. Barfus in 
•■fch he lists Daciylis glomerata as an adilitional host. 
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Stripe rust been found in tlie western part of the United Sut 
wheat, barley, rye, spelt, and e miner in tlie field, and upon 33 wi]{] 

The wild grass hosts found naturally infected include seven 
of Agropyron: A. spicaium (Pursh) Scribn. & Smith, A, 

Gaertn., A. dasysiachyum (Hook.) Scribn,, A. intermedium (Host) Bea'-’ 
A, vwlaceum (Hornem.) Lange, A. lanceolatum Scribn. & Smith ■ 
species of Rromus: B. marginalus Nees, B. pacificus Shear, B. silrkj":. 
Trin., B. carinatus Hook. & Arn., B. carinaius hookeriums (Thir’- 
Shear, B, rubens L., 5 . brizaejormis Fisch. & Mey., and B. polyar'ii',- 
Scribn.; six species of Klyraus: E. canadensis L-, £. condensaius 
E. glaucus liuckl., E. macounii Vasey, E. striaius Willd., and E. 
icus L. ; 4||x species of Hordeum: H. jubaium L., H. gussoneanun Paf 
H. muriniim L., H. nodosum L., H. pusillum Nutt., and H. cacspito^,Jf 
Scribn,; two species of Hystrix; H. paiula Moench., and H. calijorny, 
(Boland.) Kuntze; three species of Sitanion; 5 . jubaium J. G. Smith' S 
hystrix (Nutt.) J. G. Smith, and 5 . longifolium J. G. Smith; one 
of Fhalaris, P, Paradoxa L., and one wild species of Triticum, T. 

Beauv. 

The rust has been found on wheat in nearly all the western States, h-- 
has been reported on barley from only four districts, viz : Eastern Wajh 
ington, eastern Oregon, w^estem South Dakota, and central Californi:' 
Only three collections have been made on rye, these being froii 
northern Idaho, eastern Oregon, and western Oregon. The possible 
significance of the limited distribution of the rust on the last-namtd 
hosts will be discussed later. 

The occurrence of stripe rust on Bromus marginatus, Elynms cmiadmu. 
E. glaucus, Hordeum nodosum and H. jubaium has been found to Ije 
quite general within the known geographic limits of the various grasses 
and of the parasite. Hordeum murinum was very generally infected ir. 
1917 and in 1922 in the lower coast district of California, but has never 
been found so infected in other sections of the Pacific Coast where tlii; 
host commonly occurs and where the rust has been present on oilier 
grasses. The collections on other hosts have been few in number and 
indicate that they are not as common hosts for the disease as the ollit;: 
already mentioned. In some cases, at least, they are more limited is 
their distribution. 

As will be shown in a forthcoming paper of this series of studies,^ a num- 
ber of collections of stripe rust had been made prior to May, 1915, when 
stripe rust was first recognized in the United States. These had been 
identified as several other rusts. Among tlicse collections appear t'.vc 
hosts which have not been found naturally infected since that time. 
They are Bromus carinatus kookerianus (Thurb.) Shear, and Sitamcn 
longifoiium J. G. Smith. 

The variety peculiar to wheat, Pwccmfa g/wmantw fnffa Erikss. and 
Henn. , has been found capable of infecting the following additional hosts 
when inoculations were made in the greenhouse: Agropyron tenenm 
and A , smitkii Rydb. ; Bromus hordeaceusl,., B. inermis Leyss., B. 
tatus vSclirad., B. sterilis L., B. icetorum L., B. rigidus Roth, and B- olkpc 
L.; Elymus australis Scril)n. and Rail, and E. Scribn. and Smitu. 

A detailed discussion of the methods used and the results obtained ^ir. 
connection with the above determinations will be given later under iJi’-' 
discussion of specialized races of P. ghmanm. 

* In maou 


iscript. 
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siDce the compktion of the foregoing studies, headquarters for die 
"^rations on stripe rust have been transferred from Corvallis, Oreg., 
^^.loscow, Idaho, and the research is now being carried on by the senior 
''Xoi- and Mr. J. M- Raeder. Since the trunsler, the following addi- 
! iiosLs for Puccinia gliimaruni tniici have been deicrmined l)y green- 
inoculation : Agropyron tcnenim longijolium Scribn. and vSinitli,, A. 
Xnm Roem. and Schult., Bromus purgans laliglumis (Scribn.) 
;iar, l<^nuginosus Poir., B. ereclus Huds., B. macrostachys Vesi.Jl 
^vio'Roth, B, frondosus (Shear) Woot. and Standi., B. richardsouii 
Liiik B. (uloensis Hoclist., Hordeum niantimuni Roth, H. Imlbosum U., 
bj.i/jrb cananensis L-, and Silanion hystrix (\ult.) J. G. S. 'Ihe 

previously, comprise lifly-iiinc 
'•'^cies of common wild grasses which are known to be hosts for stripe 
piaasit occurs in the United States. Thirty-three of these have been 
found naturally infected, and twenty-six of them determined by artificial 
ijioc\ilation with P. gluvianim iriiici. Doubtless other hosts will be 
a idi'd to this list as our knowledge of this rust becomes more complete. 

SPKCIALIZED VARIETIES 


friksson (4) named live specialized varieties of Puccinia ghmarum, 
on inoculation experiments carried on by him. These were 
P, dumariim tritici on wheat, P. glumarnm hardd on barley, P. glumarum 
Xilc on rye, P. glumarum elymi on Elymus arenanus and P. glumarum 
Xp\ri on A. repens. He states that the varieties on wheat and barle\' 
appear to be sharply fixed (scharf fixiert) ; that is, he could not secure 
infection upon barley or rye wiUi the variety triiici, or upon wheat nr 
r\e with the variety hordei. The variety seede appeared to be less sharply 
fixed, since he secured slight infection upon wheat inoculated with this 
variety. He considered that he might have had a mixed culture in the 
latter case. Neither of the varieties on Agropyron repens and on Idymiis 
arenarius would infect wheat, barley, or rye, nor w^as he able in cither 


case to reinfect the original host. _ * u- 1 

It appears then that Eriksson had good evidence for establishing the 
varieties P. glumarum iriiici and P. glwnarum kordei, but there is some 
question as to the evidence in the case of tire other three varieties. 

Ill the field survey for stripe rust, conducted by the writers, an attempt 
has been made to record not only the name and location of infected 
hosts but also the name of other near-by grasses and cereals. It was 
thought that these notes miglit furnish valuable data regarding the 
spread of the rust from host to host in the field and also supplement the 
itudv on specialized varieties being conducted in the greenhouse. 

As stated above, Hordaim jubaium and Bromus m,argtnaius are. two 01 
the most common hosts for P. glumarum in the northwestern btalrs 
Wuerever these two grasses have been found growing near eac i 0 icr, 1 
one was infected, the other usually xvas iniected also. With 
tions, wherever infection xvas common on either of these two wild 10s s, 
stripe rust could be found also on wheat if plants of a susceptible variety 
rouid be found growing*near by. This also was true to a more 
extent of Elymus glauciis, Hordetm nodosum, Elymus canadensis, an 
Elymus condensatus, although these latter grasses are much . 

in their distribution and do not appear to loe as common hosts . I 
f’lst as are the two first named. 
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In 1917, and again in 1922, Hordeum murinum was found to be 0 
the most common hosts for stripe rust along the Pacific Coast in somh " 
California. Very seldom was any otlier host found infected, althr 5 
other i)ossible hosts often were growing in close proximity, 


experimental methods 


The greenhouse experiments in the study of specialized varietitv '■ 
Puccinia glumarum, as well as in the testing of wheat varieties for susce' ' 
tibility to stripe rust, were carried on at Corvallis in a small wino 01 
greenhouse of the Oregon Agricultural Experiment Station. The 
used in greenhouse inoculations were, with certain modifications iil-A 
those employed by Stakman and Piemeisel {18) in their stem-rust 
Every precaution was taken to guard against chance infections. 

Seedlings were used with few exceptions, and were inoculated on tr--- 
first or primary leaf. Plate i, A and B, shows the method of prepari:;- 
the seedlings for inoculation and the devices used for obtaining favoraiiC 
conditions for infection. In every case the plants in a given pot v.f.- 
divided into two group.s before any inoculations were made. This wii; 
done usually by pulling up or cutting close to the soil (hose in a lire 
through the center of the pot. A piece of string was then laid on the 
between the two groups of seedlings. One half of these were inocnlau-i 
and the other half left as control plants. In only one or two instana^ 
did any infection develop on the controls, and then only on a \)hv.: 
immediately adjacent to the inoculated ones. In such cases the 
were not considered. 

Inoculations were made by carefully transferring fresh urediniospore^ 
to the upper side of tlic leaf by means of a small scalpel. Jlelclier^ - r: 
found that he could obtain satisfactory infection on wheat with Pmnr\: 
graminis tritici E. & H. by inoculating the under side of the leaf. T]):> 
did not prove to be the case with Puccinia glumarum iriiici. Several tri;i> 
were made by taking wheat plants of the same age and variety and inoo:- 
lating part on one side of the leaf and part 011 the other. Only a very :{-.v 
infections resulted from the inoculations made on the under side. wh:> 
nearly 100 per cent of those inoculated on the upper side of the le:;: 
became infected. 

At first, bell jars and battery jars were used For incubation chainberf. 
Later, however, shallow tubs covered with a window sash were used : 
good advantage. After inoculation, the pots were placed in a tub c ::- 
taining about 2 inches of water, covered, and left In this moist chamii>: 
for 48 hours. They then were removed to the greenhouse bench. 'Ihc 
various strains of the rust were kept in separate compartments in tlif 
greenhouse, and were isolated by means of partitions made of fine chec'C- 
cloth. 

RESULTS 

Inadequate greenhouse space made it impossible to work mt.i 
large number of collections of stripe rust. All of those studied provc(. i 
be Puccinia glumarum iritici. Each infected vdieat readilv, rye slishi-^ 
barley very slightly, if at all, and oats not at all. Table I shows 
results of inoculations made on various varieties of barlev and rve w;!:. 
urediniospores from wheat. As barlev has been found heavilv infcciy ■ 
in the field several times, it appears that there must be a distinct spccis 
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1 race which infects that host. Tims far, it has not been possible to 
'v-iiii the race for experiment from barley. 

■‘i'nder "Character of Infection" the following five grades of infection 
,, ,, e been used ; 

uredinia; flecks and dead areas sometimes present; portions 
of leaves s(3metiincs killed or discolored {PI. and 4). 
j,-l'redinia few or minute, generally surrounded bv dead areas; 

portions of leaves sometimes killed or discolored (Id. 5). 
.-fredinia normal in appearance, but few and scattered; dis- 
* coloration of leaf tissues common (PI. 6, A). 

I'rcdinia normal, moderately abundant; little discoloration of 
'' leaf tissue (PI, 6, B). 

Uredinia normal and very abundant, appearing uriifonnlv o^•cr 
surface of inoculated leaf; no discoloration in early stages of 
infection (PI. 6, C). 

-pr..’* in Table II, indicates that there was pronounced browning of 
-’■c tissue around the border of the dead areas produced b\’ the rust 

Nv hi A). 

l.—Rciidfs ohtaified when barley and rye varieties were inoculakd with umli/iiu- 
spores of stripe rust from wheat 


Crop ami vark-ty. 


Xuiiilx'r of plaiilf;, 

111 iiiliviiiiii, 

ItioL'iiIatcii. 



! 49 

0 

0 

0 A. C. Sel. No. 7 

; 43 

0 

0 

0 . A. C. Sel. No. 8 

36 

0 

0 

Black Knll-Iess 

4S 

I 

2 

Tell III' RsiT Winter 

: 33 

0 

0 

White HiilMesi? 

63 

0 

0 

Peruvian 

48 

0 

0 

Hainielien 

^ 34 : 

2 

2 

Trebi 

68 

10 

2 

'*V''ri77i 


6 

3 

Comiiiaii 

43 

12 

3 


The results of various inoculations made wdth Pticcinia giuriinfiim 
from several sources on various wild grasses and cereals to ascertain 
which were hosts for the rust are presented briefly in Table II. In some 
i-Mscs the results represent onlv one trial, while in other instances several 
experiments were made. Chul wheat was used in all cases. 
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Table lL~Remltt of inoculation of urediniospores of Puccinia glumarum 

different original and immediate hosts on numerous wild grasses and ffrcj/, '"’' 




Wheat 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do. . . . 
Do ... . 

Do 

Do 

Do. . . . 

Do. . . . 
Do ... . 
Do. , . . 
Do. . . . 

Do 

Do. . . . 
Do. . . . 
Do ... . 
Do ... . 

Do. . . . 

Do. . . . 

Do. . , . 

Bromus mar- 
gittahis. 

■ Do... 

Do. . . 

Do. . . 
Do. . . 
Do. . . 
Do. . . 
Do. . . 
Do... 
Do. . . 
Do. . . 
Do. . . 
Do. . , 
Do... 
Do. . . 
Do. . . 
Do, . . 




jfpt-' 
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.e II --Results of inoculation of urediniosporcs of Puccinia qlumarnni iritici from 
original and immediate hosts on numerous wild grasses and cercals—Cout'd. 


bal host. 


Immediate host. 


US. 

pO 

■ r:usglau- j Wheat 


Bromus mar- 
qinaius. 

. . . .do 


l>o. 
I>0. 
Do . 
iM . 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do . 
Do. 
Do. 
Do. 


Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

i ^0 . 


ju- 


I )o . 

bo. 


Do 

Do 

bo,... 
bo. . . . 
no- 

<^osu)n. 


.do. 

.do. 

.do. 

.do. 

.do. 


.do. . 

.do. . 

.do. . 

.do. , 

.do. , 

.do. , 

.do. , 

.do. , 

.do. , 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 

.do. 


.do. 

. do. 
.do. 
.do, 

.do. 
.do . 
.do. 
.do. 

. do. 
.do. 
.do. 
.do. 
.do. 


Number of 
experiments. 


Number of 
plants. 


Plant inoculated. 


- — ^ Ch.irac- 

1 I . ter (.>f 

Infec- • 

tion ob-l ‘ 

tamed. 

j tamed. : 


Bromus marginahis . I 


Bromus sterilis 

Agropyron caninum. 


Agropyron repens. . .! 
Agropyron smithii . .\ 
Agropyron ienerum. .' 

. . . .do I 

Beckmannia erucae- \ 
formis. \ 

Bromus carinaius ... 
Bromus ciliatus . . . . ; 

Bromus inermis i 

Bromus marginatus A 
Bromus polyanthus . .: 
Bromus pratensis . . . 
Bromus secalinus . . . | 

do ■ 

Bromus sterilis ; 

Bromus vulgaris .... 
Elymus condensatus . l 

do , 

do I 

Elymus glaucus 

ElymUrS robustus. ... 
Elymus siriatus .... 

Fesiuca elaiicr : 

Festuca pratensis ... 
Hordeum gussonca- : 
num. 

Hordeum murinum. .; 

do 

Hordeum nodosum . 
Sitanioyi jubaium . 

Barley 

. . . .do 

Emmer (Black Win- 
ter). 

Oats 

Rye 

Wheat 

Agropyron repens. . 


Bromus japonicus . . . 
Bromus polyanikus . , 

Bromus sterilis 

Bromus tectorum. . . . 

Sromwi rigidus 

Elymus glaucus 

Hordeum murinum-. . 
Lolium iennilentum . 
Bromus polyanthus . . 


13 
30 

42 

8 

14 

2S 

10 

7 

12 

13 

8 
28 

120 

4 

8 

13 


32 

62 


32 


6 

IQ 

() 


8 . 4 

8 ' 4 


o Br. 


[ 

o ; o Br. 
o ! o Br. 
o i o Br. 
.^> j 4 
4 ! 4 
o : o Br. 


7 i 3 

0 j o Br. 
10 i 4 

4 j 3 

M I 3 
100 ! 4 

1 1 4 


^ i 3 


8 

18 

14 


o 

19 


o Br. 
4 


I 

1 Br. 


5 4 


19 


o Br. 
4 
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Tadle ll.—Resulis of inoculation of uredinio^pores of Puccinia glumarum tritici .■ 
different original arid immediate hosts on numerous wild grasses and cereals—QrJfff 


Niimlwr of NuinJii-r o! 

experiments, plants. 


Oriipiial tiost, | Immediate liwt. 


Hordeum no- Wheat. 
dosurn. 


Do do 

Do do 

Do Bromus poly- 

aiiihus. 

Do Hordeum no- 

dosum. 

Do do 

Do do 

Do do 


Plant inoculated. 



Bronuli'commulalus i i ] 

Hordeum nodo.sum. . i | | 

Dactylis ghmerato. | 5 j 


20 

12 

60 




In- ‘i:\' 
fecled, " '■ 


0 

C 


The list in Table II includes 48 species of wild grasses which liiiV': 
been shown to be hosts of F. glutnarum iriiici. It includes 19 species 
Rromus, ii species of Agropyron, 7 species of Elymus, and i spedts 
each of Hystrix, Sitanion, and Phalaris. Collections have been mark i:: 
the field on 12 additional infected grass hosts, but it has not been possiljk 
to determine if they were infected with the race which goes to whe;i! 
These 12 species include; Agropyron inerme (Scribn. and Sm.) Ryd:)., 
. 4 . dasysiackywm (Hook.) Scribn., A. ca7nnim, Bromus pacijicHS 
Bromus silekmsis Trin., Brotnus cannatus kookerianus (Thurb.) Slieay 
Bromus brizaeformis Fisch. and Mey,, Hordeum caespttosum Scribi. 
liysfnx cahjornica (Boland.) Kuntze, Elyrmis striahLs Willd., EUiv.y 
nmcoiinii Va.scy, E. iriticoides Buck!., Phalaris paradoxes L., Silor.i'i 
kyxtnx (Nutt.) J. 0 . Smith, Sitanion longijchum J. G. Smith, and 
cyhndrica Beauv. 

Only one specialized variety apparently has been used in these iiiocuh- 
tion experiments, and this appears to be Puccinia glumiruni in:: ". 
Rrikss. & Henn. There are some indications that at least one oilier 
variety is present in the United States. This probably is Pucaoi 
gbmarum hordei Krikss. & Henn., as indicated by the fact that barley 
has been found heavily infected in a few instances, while the race com- 
monly found on wheat does not pass readily to barley. There abo i> 
evidence that the rust on Hordeum murinum may not be the varic.y 
commonly found on wheat. A discussion of these varieties is reserved 
for a later paper. 

In only one case in Table II does there occur a difference of more than 
two in the grade of infection recorded when the same host was inoculatcu 
with the rust taken from the different hosts. When Bromus sterdis 
inoculated with rust spores from Hordeum fubakm the infection 
recorded as i. When spores were taken froirl Bromus rnargmitaj^f 
from Elymus glaucus the result w^as a grade of 4 in each case. 
are two possible explanations for these results. There may have beta 
two strains of Puccinia glimarum Iriiici involved, or it is possible 
there were two strains of Bromus sterihs used, as the seed came iro*- 
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fjifTerent sources. During the course of this work there have been 
'^\ indications that there may be strains of the specialized variety 
alurnorum iritici, the same as exist in P. y^raminu tr}tifi, as 
’’MftVhy Stakman and Piemeisel^ (r.?). During the course of these 
•■''V. evidence has accumulated indicating the possible existence of 
denies or strains of various grasses which may react very dilTerently 
'f j cdvcn strain of the parasite. This phase of the question is under 

-.vestigsition. 

.-rPTTTtlLlTYOF WHEAT V.ARIKTIKS TO PUCCINIA GT.UMARUM 
TRTTICI 


\n attempt will be made here to review the verv extensive litetat\ire 
..npn the subject of rust resistance. Complete reviews of the subject 
?!n] various angles have been made by Eriksson and Henning (s), 
Sui (r, P- 40^44), Comes (j), Nilsson-lChle {14), and, more receiitly, 
Hi-nning (<?)• studv in Europe on the relative resistance of various 

■A'ats to Puccinia ghanarum also has been extensive. As might liave 
o'en foreseen, the results obtained have varied greatly, for the men 
irif'cd have'worked under entirely difTerent conditions, and undouht- 
% with different strains of the varieties of wheat used as well as with 
d%ent strains of the rust. 

" This paper summarizes the results obtained through study of a large 
n-iribcr of varieties of wheat for resistance to Piurinm ghoiuinon Inliri 
■i, it occurs in western Oregon. The wheat varieties were obtained 
4 llv from the Office of Cereal Investigations and partlv from the 
Dcpartiiicnt of Farm Crops of the Oregon Agricultural College. liverv 
nrecaulion has been taken to keep these varieties free from mixtures 
' Both fneenhouse and nursery studies were carried on at Corvallis, 
OretT. In all 337 varieties and strains of wheat were grown in the rust 
rurS’erv Only 163 of these are included in Table III. The remainder 
■wre grorni in only one year and therefore are not included, 
uvo varieties were 'studied under greenhouse conditions. Aot all ot tlie 
varieties w^ere sown in the nursery in each of the three s(‘aM)ns 
:hroi:<rh which the experiments were extended. In 1918 only p vane- 
•b ami strains were grown. In 1919 additional seed was obtained and 
u' varieties and strains were growm. Still other varieties were added 
m 1920. Likewise, not all of the 92 varieties were grown m the greeu- 
house in anv one season. Because of inadequate space aial assistame 
it was impossible to study in the greenhouse all of the varieties that iseie 
used in the rust nursery. 

NURSERY EXPERIMENTS 


In tiic rust nursery the varieties were all soum in rod rows. 
cases replicated sowings were made; in other cases there was ^ - 
roit of each variety. All varieties of which seed was avail-ilile litre 
se-nici the fall regardless of whether they were of winter or ^pr “ ''■ 
liider the climatic conditions prevailing at Corvallis it « as . . 

spring varieties, when sown in the autumn, survived tlie w_m I 
ticallv as good condition as the winter varieties In the two > ears 

*h varieties as were knowm to be of spring habit and of which ed was 
jvaiiible were sown in duplicate rows in the springy n 1920 all varic 
lies of which seed was available were sown again m duplicate rows in , 
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spring regardless of whether they were winter or spring wheats (■ 
course the winter varieties did not head when sown in the spring niirsen' 
so that it was impossible to get notes on head infection. 

The methods of making inoculations in order to induce an epiphvtot:-. 
of stripe rust in the nursery were such as seemed to offer the best 
tions possible for an abundant and widespread infection. Border rfr- 
of Chul, one of the most susceptible varieties of wheat, were sown aro:!^,i 
all of the plots. These border rows were inoculated both by spraviR'- 
suspension of urediniospores over their entire length and by hand 
lation of individual plants at intervals in them. 

In addition to the border-row inoculations, one end of each varitja 
row was sprayed with a spore decoction and individual plants in cverv 
row were hand inoculated. Hand inoculations were made by smearin’ 
spores on the leaves with a scalpel, spraying the plants with water, an- 
covering the inoculated plants with inverted flower pots for a period o: 
48 hours. The quantity of infection on the border row served as a contr 'l 
showing whether or not climatic and other conditions were favorable for 
abundant infection. 

The results of the 3-year study of the effects of such inoculations on 
163 varieties of common, club, poulard, durum, and Polish wheats, and 
eminer, spelt, and einkorn, when gro^vn in the nursery, are shown in 
Tables III and IV. 

The method used to indicate the quantity of infection recorded in 
Table IV needs a word of explanation. It seemed to the writers tht 
the usual method of estimating the quantity of rust on cereals was not 
the best for accurately indicating the quantity of stripe ru.st present. It 
was found that varieties differed widely in the proportion of the plants 
in the row which showed infection, as well as in the quantity of rust en 
those plants which were rusted. In other words, there was rniicli varia- 
tion in the rapidity and extent of the spread of the rust on the dillercni 
varieties. 

Table III shows, for each variety, the proportion of the plants whidn 
were rusted at the Oregon Agricultural Experiment Station in the fall 
of 1917 and the spring of 1918, expressed in percentages, and the 
of Tusliness of these infected plants, expressed in terms of a scale ran.^in; 
from I to 10. The degree of infection refers to the proportion of pdant 
surface covered with rust. This necessitates the recording of uva 
numbers to indicate the comparative susceptibility of each varlely. 
In order to reduce these figures to a single product which would ex])re.>> 
at a glance this comparative susceptibility, the following plan w;n 
devised. The product of the percentage of plants infected by the dearer 
of infection w'ould give in comparative terms the average infection 
any given variety, with a possible maximum of 1,000, w’hcrc 100 jxr 
cent of tJie plants in the row were infected with a maximum degree ot n • 
O'liis method of computation has been used to indicate infection 0! tla' 
plants when in leaf and when heading. Infection data were taken 
when about 5 leaves were out, and again when the heads were va-Si 
out of the boot. 

As an example of the application of this me'thod, take from Taoie 
III the data for Chul when grown as a winter wheat in 1917-18. 11 '^ 
])ercentages of infected plants recorded for the first, second, and 
replications are 80, 100, and 70, respectively, and the degrees of infccti«i> 
are 6, 6, and 3, respectively. The sum of the products of each pt'J' 
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bv the corresponding degree is 1,290. Dividing this sum bv 
%^tunber of replications, gives 430, which, therefore, is the average 
representing the comparative susceptibility of Chul wheat, 

' a possible maximum of 1,000 (Table IV). 

■■'ViW the percentage of plants infected and the degree of infec- 
.. n are shown for the 1917-18 season. The average susceptibility of 
".'Vvarietv is shown in Table IV, not only for the first season, but for 
f,\easons' 1918-19 and 1919-20 as well. 

"fivifience of the varying susceptibility, even of strains within a variety, 

. iovu in the case of the "WTiite Winter variety. In Table IV are 
i-xl five different C. I. numbers ^ of this variety. It will be noted 
•\ii C. h somewhat susceptible, while three other strains are 

‘rt<rclv immune, so far as tliose experiments show. The Wliite Winter 
-^lioii, C. I. No. 5222, which is quite susceptible, is also morphologi- 
5 iv distinct from the other strains. These results emphasize the state- 
l-.ni made by Vavilov (79) that workers should be careful to designate 
exact botanical classification of host as well as parasite, Vavilov 
that pure lines are desirable in studies of varietal susceptibility. 

. Eiirabers of the Office of Cereal luvestigatioiis. 
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additional field data 

Iq addition to the information tabulated above on suscej^tibillty of 
...rieties in the rust nursery at Corvallis, Orcg., during the throe seasons, 
l,inv valuable field notes were recorded at various times and places where 
infection had developed under natural conditions. 

" \l the Shennan County Branch Station, at Moro, Oreg., where ex ten* 
rowings of wheat varieties are made each year, there was a severe 
!:rbreak of stripe rust in the spring of 1919.^ This afforded an excellent 
'^irtimity to obtain data on the comparative susceptibility of some of 
■pleading varieties of wheat grown at that station in iqk). ‘ The foUow- 
table shows the ratings of these varieties, using the system of grading 
eJlaitied for Tables III and IV. The notes, taken just before the plants 
headed, are recorded in Table V. 

y —Data showing the susceptibility of covivicrcial wheat varieties to infirtion by 
' stripe rust at the Sherman Coi.nty Branch Siaiiov, Moro, Oreg., in iQig 


1 

V'aricty. 

C. I, No. 

r^v'i 

bility. 


1571 

410 


17^6 . 


zqqS 

4420 

5146 

I 4 A 7 
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32 =: 


* ' t'nc ' 

560 


310 

Alberta Red | 

2070 I 

2239 

i^ 7.3 

710 

^(i., '.c 

i 1 

103 


5 M 7 ’ 
5549 

355 


230 


1 

«55 

bvbrid f’8 

1 45'2 : 

1 4>56 

(>30 

(.klidcoiTi (^Hortyfold} 

(>.55 




During the season of 1919 notes were taken also on the stripe rust 
occurring on a number of wheat varieties growing at Moscow in the 
plots of tlie agronomy department of the University of Idaho. Ihe notes 
-vere taken on June 20, when the grain was mostly headed. Apparently 
Uerust was just beginning to appear at that time and, as no opportu- 
nity presented itself to inspect this grain again, it is not known that the 
f-i'jres in Table VI represent the maximum rust infection which ap- 
petred on these plots during that season. At any rate, they give some 
indication of the most susceptible varieties. 
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Table VI . — Data ihowing susceptibility of wheat varieties to stripe rust afUr Ji- ^ ■ 
appeared, when grown in plats at the University of Idaho, Moscow, in 


Variety. 


Prohibition 

Challenge (Webbs Challenge White), 

Rink 

White Winter 

Defiance. 

Pacific Blucstcin 

Kinney 

Red Russian 

Fultz 

Marquis 

Dawson (Dawson GoLIenc’naffj 

Early Arcadia 

Red Wave 

Poole 

Poole (Harvest King) 

Jones Fife 

Haynes Bluestem 

Sonora 

Baart (Early Baart) 

%Stoncr 

Golden Cross 

Kharkof 

Preston 

Hybrid 63 


C.T.Xo. ■ 


4068 

4683 ' 

5868 . 

4684 

4354 i 
3019 ! 

5189 I 
4509 I 

3416 ; 
3641 ' 
4480 1 
4220 1 
35°o ! 
3488 I 
4894 i 
3452 j 

2874 : 

4293 i 

1697 I 
2980 I 
5180 I 
1442 


2958 


415/1 Tr;«' 

I 


During the summer of 1920 there was an outbreak of stripe rust in the 
wheat classification nursery at Corvallis, Oreg. Table VII shows the 
comparative susceptibility of some of the varieties as indicated by the 
rust infection which appeared on them after the plants were all headed. 

Tahi.e VII . — Data showing susceptibility of wheat varie.iies to stripe rust when grosn !>: 
the wheat classification nursery at Conailis, Oreg., in ig 20 

COMMON wheats 


Group and variety. 


C.I.Xo. 


Hard red spring : 

Clml 

Early Red Fife 

Haynes Blucstcin 

Humpback 

Huston 

Kinney 

Marquis 

Pioneer 

Prelude 

Preston 

Preston (Velvet Chaff). 

Hard red winter: 

Alton (Ghirka Winter). 

Beloglina 

Kanred 

Kharkof 

Turkey 


2227 I 

■ 

2874 
3690 : 

5208 

51% 

364: . 


43^4 . 

4333 : 
3338 ; 

33«8 : 


1438 : 
1667 i 
5146 ' 
1442 ; 
>SS8l 
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i //it' ii-yai clamfication nursery at Corvallis, Greg., in Continued 
COMMON WHEATS— continued 


Group and variety. j 


"'inter: 

ijjjiax (Jones Climax) 

i;;'.;rrcn ' C' ' ' 

Cnrrcli (Golden Chaff) 

I'i.sinond Grit 

i-ulcaster 

1‘ultz :•••'- 

(ijiisv (Defiance) 

(Jldcncross 

Grandprizc 

Harold 

Harvest Queen 

Harvest Queen (Red Cross) 

lUiiii Chief 

I,mes I'ife 

I.i'ies I'ife (Super) 

Jones l/mgbcrr)’- 

lA’iip 

LofUionse 

Mealv 

Nchrasha No. 28 

N'ew Columbia 

i'lwle 

I’oolc (Harvest King) 

Prosnerity (American Bronze) 

Red’Clawson (Early Red Clawson). . . 

Red Mav 

Red May (Early Harvest) 

Red May (Early Ripe) 

Red May (Michigan Amber) 

Red May (Enterprise) 

Red Russian 

Red Wave 

Rural New Yorker No. 6 

Rural New Yorker No. 57 

Squarehead. 

Stoner 

Triplet 

Zinnnerman 

iVr.ite: 

Bearded Winter Fife 

Bobs 

Challenge (Webbs Challenge White) 

Dawson Ckildenchaff 

Defiance 

Dicklow 

Harly Arcadia 

Eaton 

Eoisy 

Genesee Giant 

Goldeoin ^ 

Gypsum (Colorado Special) 

Hard T'ederation 

Juinbuck 

Kufod 

Zealand' 

Oatka Chief 


I. No. 

Variet;i| 

siisccpii. 

6203 

bility. 

275 

.\>2C 

70 


00 

S38.S 

100 


. 5 ° 

34 id 

150 

5^05 

0 

5180 

T, 

4876 

400 

6005 

600 

S 3 14 

0 

4S82 

0 

540O 

0 

4408 

250 

5544 

Ooo 

5.339 

0 


0 

. 5 - 7.5 

0 

33 5 « 

20 

3147 

100 

5946 

20 

3488 

900 

36S0 

570 

53S0 

123 

3393 

55 ° 

533 li 

20 

4334 

20 

.3.594 

150 

1969 

0 

4854 

T. 

4509 

0 

3300 

35° 

. 59^1 

0 

35 ^’ 

5 ° 

5^34 

0 

2980 

0 

5408 

0 

2907 

0 

4204 

100 

4990 ^ 1 . 

4683 

0 

3342 

50 

4347 

' 5 

366' 

1 ° 

339 ° ’’^.5 

5682 0 

5242 0 

174^ 

t 3 °° 

2996 5° 

47C2 0 

4980 0 

4608 0 

4337 0 

6011 S 

348 

I , 3 °° 
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Table VII. — Data showing susceptibility of wheat varieties to stripe rust ifken 
the wheat classification nursery at Corvallis, Oreg., in / 5 > 20 — 

COMMON WHEATS— continued 


Group and variety. 


C. I. No. 


White— Continued. 

Pacific Bluestem 

Prohibition 

Rink. 

Satisfaction 

Satisfaction (vSmith’s Rustproof). 

Seneca Chief 

Silvcrcoin 

Sonora 

Sunset 

Surprise (White Russian) 

Talimka 

White Australian 

White Federation 

White Winter 


4067 

40(58 

5868 

593S 

,358s 

3575 

6013 

3036 

62^3 

5*77 

^495 

30>9 

4985 

S 2>9 


CLUB WHEATS 


Big Club 

BluechafT 

BrowTi Glory 

Coppei 

Dale (Dale Gloria). 

Hybrid ( 5 o 

Hybrid 108 

Hybrid 12.3 

Hybrid 128 

Jenkiii 

Little Club 

May view 

Redchaff 


4257 

5256 

4240 
308S 

4155 

5024 

5°25 

4511 

4.512 

5177 

4066 

5S74 

4241 


MISCELLANEOUS WHEATS 


Alaska (poulard) ; 5988 

Amautka (durum) ; 1494 

Einkorn ; 2433 

Khapli emracr > 4013 

Kubanka (durum) I 1440 

Mindum (durum) 5296 

Red Winter spelt 1772 

Vernal (White Spring) emmer : 1524 

White vSpring spelt i 296S 
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GREENHOUSE EXPERIMENTS 

0-ree.nhoiise studies on susceptibility of grain varieties to stripe 
were carried out in a wing of the greenhouse at the Oregon Agri- 
"J-tral Experiment Station, at Corvallis. The methods used were tlie 
as previously outlined in the investigation of specialized races. 
^^The results of the inoculations made in the greenhouse during the 
,yee =!easoTis, 1917-18, 1918-19, and 1919-20, using 92 different varieties 
"'i strains of wheat, are embodied in Table VIII. The method used 
already been explained in connection with Tables 

111 and n * 
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nursery and greenhouse results compared 


Table IX presents a comparison of the results obtained in both the 
rsen* greenhouse with certain varieties which have proved very 
jgct in all these trials. No varieties are listed unless they were 
three seasons in the nursery and tested for resistance there. 

g IX.— Da/a showing summarized results of nursery and greenhouse experiments on 
* susceptibility of wheat 'varieties to infection hy P. glumarum tritid 


— 



1 

— 



Nursery. Greenhouse. 

Variety. 

c. r. No. 

Number 

Average | Number 

Character 



of experi- 

suscepti' i ofcTperi- 

of infec- 



ments. 

bility, i ments. 

tion. 


3297 

4 

0- s : 3 

0 


4758 

8 

12 ; 5 

0 


5253 

6 

17 1 3 

2 


2433 

4 

0 I 

0 


3416 

5 

14 j I 

0 

Harvest Queen 

5314 

4 

1 -3 

0 

Bluestem 

2874 

6 

33 5 

1-2 


2193 ; 

5 


2-3 


5197 

6 

Trace, ' i 

0 

proton.. 

3081 

10 

US i 4 

0 

IViiiielmiiia 

4193 

6 

6 1 4 

0 

r:,rlv Red Fife 

4932 

6 

22 i 3 

0 

Red'Russian 

4509 

6 

1 4 ; 2 

0 

Rfd Winter spelt 

1772 

5 

, 0 : I 

1 

Rink 

1 5868 

6 

Trace, 5 

2 

Rovalton 

4968 

6 

0 I 

1 

ikinora 

! 3036 

6 

i 4 ; 10 

1 

aallonge (Webbs Challenge 

1 

' 4683 

6 

Trace. ! 


While Winter 

1 4684 

6 

1 

Trace. 1 r 

0 


As shown by Tables III to IX, there has been a marked difference in 
wsceptibility to stripe rust in the different varieties of wheat. Further 
?i'jdv doubtless will show whether there are strains of the rust which are 
able to attack some of these varieties which have proved resistant to the 
strains which have been under observation. The difference in suscepti- 
bilitv to stripe rust in the various varieties of wheat which have been 
studied seems to be much more marked than in the case of either stein 
nn or leaf rust. 

Various European workers have rekrred to this very marked dillerence 
insusceptibility to P. glumarum as it appears in Europe. Henning (a) 
states ill this connection, “The economic importance of the yellow rust 
ki recently, in our country (Sw'edcn), been considered rather inferior, 
dnee we, in the latter part of the nineteenth centurv,_have demonstrated 
that tlie different varieties of wheat show a very unlike susceptibility to 
tnis disease; moreover, we have succeeded in producing varieties, by 
®?aiis of crossing, which possess a marked power of resistance toward 
yellow rust. However, "*we have learned recently that this power o 
resistance is quite variable, so that we must give some further attention 
^oihis kind of rust.” 
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Comparatively few of the different varieties studied showed inf^c^ 
in the heads. This is the type of infection which is the most destruc? 
as the yield may be very materially reduced when the heads bee 
infected. A discussion of this type of injury was given in one of ? 
earlier papers of this series (jo). It also is noteworthy that fe^^. j 
the wheat varieties which are commonly grown in the western port * 
of the United States where stripe rust is found are very susceptible 
the rust. Exceptions to this are several of the club varieties, 
Baart, Jones Fife, and a few others. ' 

A study of the foregoing results also will show that the varietie? 
which have proved more or less resistant to leaf rust and stem mjt 
have not shown, in every case, a similar resistance to stripe rust Xota 
ble examples of this are several of the durum wheats which have been 
shown to be resistant to most strains of Puccinia graminis irj/!-. 
Khapli (C. I 4013), an emmer which Hayes, Parker, and Kurtzweil (i- 
found resistant to all biologic forms of stem rust thus far isolated, is not 
especially resistant to the strains of stripe rust with which it has been 
inoculated. Jenkin and Sampson (//) state that comparatively few of 
the wheat varieties which they tested were resistant to both black rust 
(Puccinia graminis) and yellow rust (Puccinia glumarum). 

Hiltner (p, p. 8J) reports that in Germany spring wheat suffers more 
than winter wheat from the attack of P. glumarum. He also states that 
the club varieties as a class appear to be especially susceptible and that 
those varieties with broad leaves were not so often attacked by the rust 
Von Kirchner {12) gives 20.4 per cent as the average stripe-rust infection 
on winter wheat for a number of years, while spring wheat for the same 
number of years showed only 16.2 per cent infection. Jenkin and 
Sampson {it) state that autumn varieties were found to be more sus- 
ceptible to black rust and the spring varieties to yellow rust. Schneider- 
han, in tlie unpublished report of the Sherman County Branch Station, 
Moro, Oreg., for 1916, reports that when certain varieties were grown ^ 
both spring and winter wheats, those sown in the fall developed the 
larger percentages of infection of stripe rust. 

Kxami nation of Tables III and IV shows that leaf infection in the 
seedling stage usually was much greater in spring-sown wheat. Infection 
at heading time, on the contrary, was in most cases much greater in 
winter wheat. It seems reasonable to suppose that both seasonal and 
regional differences in climate will determine to a certain extent whether 
fall-sown or spring-sown wheat becomes more heavily infected with 
stripe rust. 

Histological studies of resistant and susceptible varieties of wheat 
attacked by stripe rust have not been made. The general exlercai 
macroscopic evidences of resistance appear to be similar to tho^ 
described by Stakman (17) for Puccinia graminis iriiici E- and H. and 
by Parker (15) for Puccinia graminis avenac E. and H. Plates 3 to 5 
illustrate the typical effect of P. glumarum tritici upon resistant hosts 
Large areas of killed tissue develop on the portions of the leaves inocu- 
lated, followed by the production of very few if any uredinia. Lpon 
varieties which are moderately resistant, uredipiospores often are pi'‘> 
duced in abundance but no spread of the rust occurs from the parts 01 
the leaf inoculated, and these portions are soon killed. 
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Parker (J 5 ) interprets purple blotches adjacent to the uredinia as 
; jjence of resistance of oats to P. gramims avenae.. As indicated in 
?jble U and as illustrated in Plate 3, A. dark brown spots often develop 
i certain grass hosts when inoculated with urediniospores of P. 

triiici. Similar brown discoloration often appears around the 
% of tiie uredinia on fairly susceptible grasses such as Bromus stcriHs, 
sitchensis, and others. This type of reaction has been noted 
!fl]v on certain species of grasses. Parker (15) also found that the pro- 
Ijction of telia of crown rust on seedlings of oats in the greenhouse w-as 
a indication of resistance. Although in a few cases telia have developed 
^ the greenhouse upon wheat seedlings in connection with the work 
herein reported, this has been interpreted as being due to the effect of 
^ain environmental conditions upon the host rather than as a sign 

resistance. 

SUMMARY 

Field collections of Puccinia glumanm in the w^estem part of the 
pnited States have been made on wheat, barley, ly^e, spelt, and emtner, 
as well as on 33 wild grasses. 

It has been shown by artificial inoculation that the rust also will infect 
additional grass hosts. This makes a total of 59 s|)ecies of wild 
irasses which are hosts for this rust as it occurs in the United Stales. 

" tlie common specialized variety of stripe rust in the United States is 
the one peculiar to wheat, P. glumarum Irilici Erikss. and Heim, Field 
obiervations indicate that the variety developing on barley, P, giumaru 7 n 
kohia K. &. H., also occurs in this country. 

The specialized variety from wheat also will infect rye moderately and 
barley slightly. Inoculation experiments have shown that this variety 
also mil infect 47 wild grasses. This list includes 19 species of Bromus; 
[: species of Agrop3rron; 7 species of Hordeum; 7 species of Elymus, and 
one species each of Hystrix, Phalaris, and Sitanion. Stripe rust has been 
collected in the field on twelve additional grass hosts, but it has not yet 
been possible to ascertain if these also are hosts for the specialized 
variet}’ from wheat. 

There has been some evidence that tlicre are several strains of tlie 
different grass species which react differently to the same variety of the 
rust. There has been some indication also that there are two or more 
strains or specialized forms of P, glumarum tritici 
Varieties of wheat and wheat allies to the number of 163 have been 
tested for resistance to stripe rust in a nist nursery at Corvallis, Oreg., 
where an epiphytotic of this rust was produced artificially each year for 
three years. All of these varieties were grown for tw^o years and part of 
them for three years. The results of these experiments are presented in 
tabular form. 

Xinety-two varieties of wheat have been tested for resistance to stripe 
^ust in the greenhouse. Some of these were studied three years, some of 
them in two years, and some of them in only one year. The re.sults of 
these experiments are given in tabular form. With few exceptions the 
results of the field arid* greenhouse studies have agreed quite closely. 

There is a very marked difference in tlie susceptibility of various wheat 
varieties to stripe rust. More of the common wheat varieties appear to 
he resistant to stripe rust than are resistant to stem rust. 

^bains of stripe rust are tried this may not contiriue to be the case^ 
T^^roparatively few of tliese varieties which were studied became infecte 
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in the head under the conditions of the exp^ment. Varieties whi’ 
developed head infection were greatly reduced in yield. 

Leaf infection in the seedling stage has been more severe in 
sown wheat. Leaf infection at heading time has been more severe ' 
fall-sown wheat. 

Several varieties have proved very resistant to the strains of tht rn^r 
studied. Resistance is evidenced by the development of large areas oi 
killed tissue in the portions of the leaves inoculated, followed by ttf! 
production of few or no uredinia. ' ‘ ‘ 

Dark brown blotches and browning around the edges of inocuhtei 
areas have developed upon certain grass hosts. This characteristic a- 
pears to be specific for certain grasses and has not been considered*! 
general sign of resistance. 

Telia have been formed in the greenhouse in a few cases under certain 
conditions. This was tliought to be due to the conditions surrounding 
the host and was not regarded as a sign of resistance. 
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PLATE r 

Method of growing the wheat seedlings for study of specialized races. 

A. — Bell jar and battery jar used as incubation chambers, and pots containing wliea 
seedlings, showing metli^ of separating the plants in each pot into two groups, one 
group being inoculated and the other used as control, 

B. — Tub covered witli window sash, used as an incubation chamber, Half thf 
plants in tlie pots were inoculated, the pot placed in the tub in about 2 inchesof watt-: 
and the tub covered with the sash for 48 hours. 
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Plate I 







PLATE 2 


Normal development of uredinia of Puccima glumarufu tritici on wheat leaves. 

A, -Distal portim of a leaf of a seedling of Chul, showing abmidaut infection and 
production of uredinia. 

B. -Portion of an older leaf of Chul, showing very abundant infection in the form of 
j single, longitudinal stripe. 

C— Portion of a leaf of Little Club wheat, showing abmidaut infection and pro- 
duction of uredinia. 



PLATE 3 

Portions of inoculated leaves showing flecks or areas of tissue injured or destrovfc 
by the fungus but no permanent infection resulting. This condition represfc*^ 
grade o in the five gradations of susceptibility to infection by Puccinia 
trilici. 

A. — Portions of mature leaves of Bromus carinaius showing distinct brown blotchi 

II.— Portions of mature leaves of Red Russian wheat showing large spots of killer 
tissue. 







PLATE 4 


Tortions of inoculated leaves showing flecks or areas of tissue injured or destroyed 
V the fungus but no permanent infection resulting. This condition represents grade 
in the five gradations of susceptibility to infection by /^icaniu qlumiinm iritici. 
.V— Distal portion of leaves of Barletta wheat (C. 1 . No. 3297). 

B. -Distal portion of leaves of Einkom (C. I. No. 2433). 



PLATE 5 

Portions of inoculated leaves showing uredinia few or minute, usually surrounded 
by areas of dead or discolored tissue. This condition represents grade i in the fvt 
gradations of susceptibility to infection by stripe rust. 

A. — Distal portions of leaves of Sonora wheat (C. I. No. 3036), 

B. — Distal portions of leaves of Einkom (C. I. No. 2973) 18 days after inoculation. 




D. C. 





PLATE 6 

RirtloTisof inoculated leaves showing effects of inoculation with J^iuxima plumarum 

.t -Distal portions of leaves of Red Winter spelt (C, I. Ko. 1772), showijw normal 
uredinia, but and scattered, with leaf tissue abundantly discolored. This con- 
hni’in represents grade 2 of the five gradations in susceptibility to infection by stripe 

it— Distal portions of leaves of Bromtis sterilis, showing uredinia normal and 
:!odcrately abundant, with but little discoloration of leaf tissue. This condition 
rcorcscnts grade 3 of the. five gradations in susceptibility to infection by stripe rust. 

C — Distal portion of leaves of Black Winter cinmer, showing uredinia normal and 
Liuidant, scattered uniformly over surface of leaf, with no discoloration in t]je early 
jTji.ws of infection. This condition represents a grade of or very susceptible, in 
me live gradations in susceptibility to infection by stripe rust. 
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CONTROL OF APPUv-BLOTCll CA\K1-:RS ‘ 

By Max W. Gardn’er^ 

Associate in Botany, Purdue University Agricultural Pxpcri>fu-ut IStohon 

INTRODUCTION 


\)Q account of the great significance of the twig cankers as a means of 
overwintering and source of early infection of the apple-blotch fungus 
pkj(fosiictf> solitaria E. and E.), knowledge of the nio<]e of origin of 
Jhese cankers is highly important. Likewise any new light on methods 
,v canker prevention and eradication is much to be desired. 

The identity and significance of the blotch cankers were discovered 
about the same time by vSeott and Rorcr {14)'^ and by Sheldon {16), and 
rttiolc lesions were described by Sheldon and later by Scott -and Rorcr 
who made an incidental observation of peculiar interest. They 
■'oiind a large percentage of the fruit buds in an orchard of Liniberlwig, 
\Ibsoiiri, and Ben Davis trees in Arkansas being killed in inidsuinnier 
and attributed this in part to tlie apple-blotch fungus (/y, p. n) which 
according to their observations and cultural work '‘extended down from 
diseased leaf petioles into the twigs at the base of the buds, whicli were 
;ijon killed.” Apparently, no significance was attached to this [>he- 
nnnicnnn in connection witlr the origin of cankers, since they mention 
;[)ore infection of the twigs. 

Lewis (ro, who studied tliis disease on the Missouri variety 

in Kansas, states in connection vvitii fruit spur cankers that ” tlie fungus 
vnnetinies enters from the leaf stem, and at other times through the 
EC'W growth just below the bud,” and in connection with the importance 
u: leaf infection he mentions the "possible infection of the twig from the 


Xtiole.” 

' Roberts {12, zj) was able to produce cankers on young twigs and watcr- 
jarouts by spraying with a water suspension of the spores, but was unable 
iMiiioct older branches in this way and also was unalile to cause infection 
'■'! twigs by wound inoculation. These results would indu'alc that 
rankers are the result of germ tube infection through the uninjured 
'.iiidermis of very young wood. 

.t study of the blotch cankers on the Northwestern variety at Moores- 
villc (orchard of Mr. D. B. Johnson) and Knightstown (orchard of Mr. 
] B. Hamer), in central Indiana, from 1919 to 1922, and on the Oklen- 
hiTg variety at Mitchell, in southern Indiana, in 1921 and 1922, indicates 
that a large percentage of the cankers on twigs are the result of invasion 
irom infected petioles rather than of direct spore infection {7}. e 


yAi.cptwi lor publication June Cnnlribiitioii from tlip Botanical ncpartmcnl > 
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